
Presentation to iSWGR
August 20, 2018

Mike Durand and Mark Raleigh 
presenting for Science Plan 

Writing Group: Charles Gatebe, 
Ed Kim, Noah Molotch, Thomas 
H. Painter, Melody Sandells, and 

Carrie Vuyovich

1



Some Background
• The Terrestrial Hydrology Program 2016 

(THP16) funding cycle selected fourteen 
teams that are assisting in planning 
SnowEx activities. There are several 
active THP16 groups, including ours, the 
Science Plan Writing Group

• The latest Earth Science Decadal Survey 
(ESDS, released early 2018) is highly 
relevant. The ESDS supports both 

• A “designated” hyperspectral mission for 
measuring several targets, including snow 
cover (SBG) for launch soon (not 100% 
though) 

• An “explorer” mission for measuring snow 
depth for launch a bit later 

• SnowEx is a NASA-led effort in 
collaboration and cooperation with 
international partners in support of a 
global snow satellite mission concept
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Science Plan Purpose

• Purpose: Support decision making for future (i.e. 2020 and 2021) 

SnowEx campaigns. Provide guidance to implementation team

• Scope: Set priorities; implementation left to implementation team

• Format: Charge was received from Jared Entin, THP program 

manager. Structured around articulating several “gaps”. “Snow in 

forests” for SnowEx 2017 can serve as an example.

• Focus: Where are there opportunities to solve problems, better 

understand our measurements, models, algorithms etc., and push 

things forward? Note – clarify SWE, SCA, fractional snow cover

• Audience: everyone interested in SnowEx activities. Jared Entin, 

Jack Kaye, iSWGR, THP16, larger scientific community

• Status: This is a living document. We welcome input. 
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SnowEx is focused on addressing “gaps” 
in our knowledge of snow remote sensing
• “Gaps” represent breaks in 

the continuity of our 
knowledge of seasonal 
terrestrial SWE remote 
sensing techniques that have 
great relevance for advancing 
global snow science and, if 
addressed, could ultimately 
lead to a spaceborne snow 
mission concept.

• E.g.: SnowEx 2017 in forests 
was motivated by the fact that 
most remote sensing methods 
struggle to sense snow under 
forest canopies https://neptune.gsfc.nasa.gov/hsb/index.php?section=322
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Gaps Developed from 
Quad Charts
• A key component in defining gaps 

is understanding the available 
sensing technologies

• The iSWGR community has built a 
set of 14 quad charts for each 
sensing method. Two examples are 
shown at right.

• These were discussed and 
reviewed at the 2017 Longmont 
meeting

• Carrie Vuyovich led an exercise to 
summarize these into a table 
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Quad chart summary table for SWE
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Table was 
populated by 
consulting quad 
charts and the 
literature, and 
discussing with 
experts. Some 
subjectivity is 
admittedly present.



Process for defining gaps
• We “reverse engineered” a one-page description of the “gap” addressed 

by SnowEx 2017 related to forest sensing of snow
• Members of the writing group led efforts to define six additional gaps. We 

presented this list of seven gaps to the rest of the THP16 group (July 9).
• We then discussed each gap with experts on snow sensors, as time 

permitted. We’d love more input if you would like to provide it by email (see 
final slide)!

• Gaps do not have to refer to a single type of snow, and can overlap with 
other gaps, as long as there is an important science angle, and a unique 
measurement challenge

• This process is admittedly somewhat unorthodox; some members of the 
writing group felt we ought to follow a more rigid STM-type process.
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Seven gaps for SnowEx to 
address
• The final list includes:

• Forest Snow
• Maritime Snow
• Mountain Snow
• Prairie Snow
• Snow Surface Energetics
• Tundra Snow
• Wet Snow

• We found explicit prioritization of these 
to be a challenge. We focused on 
clustering them, and seeing which might 
be addressed with SnowEx activities
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Addressing gaps with SnowEx activities
• 2016-2017 addressed snow in forests
• 2018-2019 will address mountain snow and wet snow
• 2019-2020 will be joint with the ABoVE campaign. We hope it can 

address high-latitude forests and tundra snow
• 2021 (possible) would focus on either prairie snow, or on maritime

snow, or potentially address both of them. Dependent on resources. 
• SnowEx resources should be dedicated to address energetics

modeling, and data assimilation in each campaign
• Thus, it is potentially possible that all gaps may be addressed, 

subject to resource availability
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Science questions and science 
traceability matrix (STM)
• SnowEx Overarching Question: What is the distribution of snow-

water equivalent (SWE), and the snow energy balance, in different 
canopy types and densities, and terrain?

• Originally articulated for SnowEx 2017, and revised during spring 2018 in 
planning for future SnowEx campaigns (working group led by Jeff Deems) 
and other gaps (e.g., boreal forests, gradients in topography)

• Science traceability matrix (STM) starts with overarching question, 
and moves to “fundamental questions”, mission objectives and 
ancillary questions and measurement requirements. 

• Bifocal approach: STM was focused on SnowEx 2018-2019, but many 
aspects relevant to other years of SnowEx.
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Status, and things still to be done
• We are continuing to receive 

feedback: from the THP16 group, 
from THP program manager, and 
hopefully from you!

• Some things remain to be done; 
reference completion in progress, 
e.g., and additional graphics would 
improve the document.

• Other pieces would be good to add 
as possible, e.g. more information 
on challenges of spaceborne lidar 
remote sensing of snow
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Conclusion & Recommendations
• The SnowEx science plan articulates 

seven gaps to address 
• We must continue to work 

collaboratively with international 
efforts (e.g. Trail Valley Creek, tundra 
snow, Environment Canada 2018-
2019, and Chinese WCOM efforts)

• A major recommendation is to 
continue to focus on modeling and 
data assimilation to bring the various 
technologies together (at right)

• Snow Ensemble Uncertainty Project 
activities should better inform 
prioritization (Vuyovich, Houser, and 
others)

• Quad charts, and science questions 
should be revisited
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Your input is welcome!

• Please read the Science Plan. 
We are currently at v1.5. It is 
available here (Google Doc) here: 
https://goo.gl/sFkxHc

• We would love to receive 
feedback by August 31. Please 
address any feedback to: Mike 
Durand (durand.8@osu.edu) and 
Mark Raleigh 
(mark.raleigh@colorado.edu)
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